Abstract. During the 2013-2014 period in the Research Institute of Mountain Stockbreeding and Agriculture (RIMSA) in Troyan (Bulgaria) a comparative study of sunflower late-spring mixtures for green forage production was carried out. For this purpose were studied mixtures with legume forage crop (spring field peas) and some cereal species (spring oats, maize and sorghum-sudan grass). It was found that the most productivity (6.31 t.ha -1 green mass and 1.34 t.ha -1 dry mass) was prepared from the mixture of sunflower and maize, which is more respectively with 85.04 and 162.75 % compared to the sunflower monoculture (Standard). The yields excess in the other studied mixtures was less and ranged from 5.87 to 25.22 % for the green mass and from 21.57 to 68.63 % for the dry matter. Regardless of the various components, in the sunflower pure and mixed crops the weed infestation was a relatively low, and it had no significant influence of the forage quality.
Introduction
Thе annual forage crops are more often cultivated as mixtures.
They give higher yields of green and dry mass and have a better forage quality and acquiesce of farm animals.
With a greater application in the practice are cereal and legume mixtures with species from other botanical families as sunflower, rapeseed, etc.
The mixtures giving higher crude protein yields compared to monocultures. The actuality for the use of annual latespring mixtures is related to observables present climatic changes in both regionally and globally aspect [ The sunflower (Helianthus annuus L.) is a valuable oleaginous and melliferous plant.
Except as a concentrated corn stover the sunflower is also used to silage production in monoculture or in mixtures with suitable annual cereal or legumes species. [WARREN, 1980; PADILLA et al., 1996 Thе annual late-spring mixtures in Bulgaria are sown as a secondary crops after harvesting of winter or early-spring mixtures or after cereal monocultures.
For components are use forage species comprising the late-spring mixtures and suitable for cultivation in the relevant region.
Therefore in the recent years in some regions of Bulgaria were carried out studies to establish the conditions and factors for yield formation and forage quality parameters of some annual field crops [GRIGOROVA et al., 1988 , PAVLOV, 1996 In conditions of the Central Balkan Mountains foothill areas so far is established only suitability of some annual spring cereal and legume monocultures. [LINGORSKI, 2011a; LINGORSKI, 2011b . The absence of studies of sunflower late-spring mixtures under foothill regions of Central Balkan Mountains was a prerequisite for this experiment.
The objective of this study was to compare of some bio-productive indicators of sunflower late-spring mixtures with legume forage crop (spring field peas) and some cereal species (spring oats, maize and sorghum-sudan grass) cultivated for green forage under soil and climatic conditions of typical foothill region (in Troyan area) of Central Balkan Mountains (Bulgaria).
Material and methods
Annually the experiment was laid out in the experimental field of RIMSA, Troyan in the late spring during two years (2013 and 2014).
The soil of the experimental area was light-grey forest (pseudopodzolic) with acidic soil reaction (рН in КСI-5.9) and with low availability of total nitrogen (4.0 mg.kg -1 ) and phosphorus (1.5 Р 2 О 5 mg.kg -1 ) and sufficient availability of potassium (7.2 К 2 О mg.100 g On the experimental area were sown a some annual late-spring mixtures with sunflower.
As variants were studied:  Sunflower monoculture (Standard);  Sunflower + Spring field peas;  Sunflower + Spring oats;  Sunflower + Maize;  Sunflower + Sorghum-sudan grass.
The sowing rates of different components of the mixtures were as follows: for sunflower hybrid XF 9104-6 germinable seeds m Due to unfavorable soil of the region (low-productive with heavy loam structure) and weather conditions during the spring-summer period (insufficient rainfall combined with comparative high air temperatures), the sowing rates were increased by 15 %.
According to the climatic conditions in the spring during experimental years, in 2013 the sowing was carried out barely on April 23, and in 2014 on April 15.
Before the sowing the necessary kinds of pre-sowing tillage (shallow ploughing, disking, rotary cultivation) were conducted up to obtaining of a garden status of the soil.
The trial plots were rolled after the sowing.
The inter-row spacing was 12 cm and the sowing depth was 3-5 cm.
The experimental areas of separate variants (crops) were harvested at the full flowering of Sunflower hybrid in the pure crop (var. 1), as well as in the mixtures with spring field peas (var. 2), spring oats (var. 3), maize hybrid (var. 4) and sorghum-sudan grass hybrid (var. 5). The different bioproductive indicators of the forage were determined by conventional methods.
The values of green and dry mass productivity (in t.ha -1 ) and weed infestation of crops (in %) was recorded annually.
The yielding capacity was determined by the cut method with subsequent drying at 105С of average samples of fresh mass to constant weight and on the basis of per cent of dry matter in them it was recalculated per 1 ha.
The weed infestation of the crops was determined by weight from average fresh samples for each replication and variant, recording separately the percent participation of the sown crops and weeds (as a total).
The herbage yield data of green and dry mass productivity was performed using analysis of variance.
It were used LSD 0.05 (least significant differences at P < 0.05), LSD 0.01 (least significant differences at P < 0.01) and LSD 0.001 (least significant differences at P < 0.001) regard to green mass and dry matter yields average for the 2013-2014 period. 
Results and discussion
The crops harvesting by different variants was done by years as follows: in 2013-on July 15 and in 2014-on July 8. The exceeding yields toward Standard crop reached to 76.18% (by var. 2) and 11.08 % (by var. 5) for green mass but varied from 5.08 % (by var. 2) to 128.81 % (by var. 4) as regards the dry matter.
The most productive mixture (sunflower and maize-var. 4) exceeded the productivity by other mixed crops (var. 5, 3 and 2) with 36.95, 47.01 and 52.83 % and respectively with 42.22, 39.26 and 54.07 %.
Due to large amount of rainfalls (288.7 L.m -2 -61.70 % of rainfall during first half of the year), dropped in the region during the vegetation period (from April to July) of 2014 of the studied crops, in combination at comparatively high average monthly air temperatures (16.1C) the fresh and dry mass yields of the studied variants were relatively higher compared to the previous year.
Thus, in the mixed crops varied from 3.94 t.ha -1 (var. 3) to 6.26 t.ha -1 (var. 4) and from 0.62 t.ha -1 (var. 2) to 1.32 t.ha -1 (var. 4).
The excess of their yields compared to obtain in the standard crop was within the range from 23.13 to 95.63 % for the green mass and respectively from 44.19 to 206.98 % for the dry matter.
Average for the experimental period (2013-2014) a most plant production was obtained from the mixture of sunflower and maize (var. 4)-6.31 t.ha -1 green mass and 1.34 t.ha -1 dry matter which is in over the control crop of sunflower respectively with 85.04 and 162.75%.
The second most productive was the mixture Sunflower+Sorghum-sudan grass (var. 5)-4.52 and 0.94 t.ha -1 , which exceeded the control crop, respectively, with 41.25 and 118.60 %.
The other two mixes (var. 2 and var. 3) were more productive than Standard by only 5.87 and 7.33 % for the green mass and 21.57 and 43.14 % for the dry matter.
The performed botanical analysis by experimental years is shown in Table  3 . It is seen that despite the different mixtures of sunflower, the share of their components (spring field pea, spring oats, maize and sorghum-sudan grass) was more than the weeds.
Таble 3
Percentage shares of the components and weed infestation of sunflower late-spring mixtures by years (2013 and 2014). In 2014, the sunflower in mixed crops varied from 62.70 % (var. 2) to 66.50 % (var. 5), while in the monoculture amounted to 90.50 %.
The constituent cereal and legume components in mixed crops reached 23.70 % for the spring oats (var. 3), 24 .80 % for the sorghum-sudan grass (var. 5), 27.30% for the spring field peas (var. 2) and 28.70% for maize (var. 4).
Least weed infestation (7.50 and 8.70 %) has been established in the cereals mixed crops (respectively var. 4 and 5), while the experienced remaining crops it ranged from 9.50 % (var. 1) to 12 10 % (var. 3).
Conclusions
The comparative study of sunflower pure and mixed crops with an annual cereal species (spring oats, maize and sorghum-sudan grass) and legume forage crop (spring field peas) in soil and climate conditions of Central Balkan Mountains (the Troyan region) carried out.
It was determined that a maximum plant production (6.31 t.ha -1 green mass and 1.34 t.ha -1 dry mass) was prepared from the mixture of sunflower and maize, which is more with 85.04 and 162.75% respectively compared to the sunflower pure crop.
The yields excess in the other mixtures was less and ranged from 5.87 to 25.22% for the green mass and from 21.57 to 68.63% for the dry matter.
Regardless of the various components, in the sunflower pure and mixed crops weed infestation was a relatively low, but it had no significant influence on the quality of the obtained forage.
